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Tab.1 Digestivetubeindices of grey mullet Mugil cephalus

) (n=10) wild grey mullet (n=7) cultivated grey mullet
ttem range X +SD range X +SD
/g body weight 450.0-800.0 625.0+80.00 582.0-925.0 719.0+98.65
/cm body length 28.5-34.5 32.25+1.500 31.0-39.4 35.142.342
viscera weight/body weight 0.040-0.046 0.043+0.001 0.041-0.052 0.048+0.004
liver weight/body weight 0.009-0.010 0.009+0.001 0.007-0.008 0.007+0.000
stomach weight /body weight 0.010-0.013 0.008+0.002 0.006-0.007 0.007+0.000

intestine length/body length 2.281-3.478 2.886+0.301 2.903-3.464 3.158+0.141
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Fig. 1 Amylase(A) and protease(B) activities in several digestive organs of wild and cultivated grey mullet Mugil cephalus under

physiological pH condition

Different letters on the columns mean significant difference in enzyme activity between wild and cultivated M. cephalus (P<0.05).
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Tab. 2 Effects of temperature on protease activity of wild and cultivated grey mullet Mugil cephalus

X +SD; U-g™
/°C tissue

temperature hepatopancreas stomach foregut midgut hindgut
5 A 0.88 £0.06 0.70 +£0.02 2.52 £0.05* 1.77 £0.21* 1.94 £0.17*
B 0.91 £0.07 0.75 +£0.06 1.17 £0.12 1.26 £0.01 1.09 +£0.03

10 A 0.94 +£0.04 0.95 £0.04 2.60 +£0.03 0.82 +£0.09 2.60 £0.06*
B 0.95 £0.15 0.82 +0.03 1.47 £0.01* 1.31 £0.03* 1.28 £0.05

15 A 0.92+ 0.03 0.91 £0.00 2.59 +£0.06 0.84 +£0.01 2.59 £0.20*
B 0.91 £0.06 0.84 +£0.01 1.55+ 0.04* 1.44 £0.03* 1.34 £0.02

20 A 0.97 £0.05 0.79 £0.05 2.95 +0.04* 1.90+ 0.05* 3.23 +£0.14*
B 0.96 +£0.04 0.87 +£0.01 1.55 +0.07 1.43+0.01 1.31 £0.06

25 A 1.01 £0.05 0.84 +0.01 3.35 +£0.06* 1.90 £0.06* 2.34 £0.10*
B 0.98 £0.05 0.85 +£0.01 1.58 £0.01 1.51+£0.02 1.40 £0.13

30 A 1.00 £0.02 0.86 +£0.03 3.02 +0.08* 2.62 £0.08* 2.14+ 0.05%*
B 1.01 £0.01 0.94 +£0.04 1.61£0.13 1.61 £0.05 1.48 £0.04

35 A 1.01 £0.02 0.91 £0.01 3.79+ 0.02* 2.88 £0.28* 2.95+0.15%
B 1.13 £0.08 0.95 £0.04 2.12 £0.16 1.64+0.07 1.64 £0.05

40 A 1.69 £0.16 1.39+£0.17 4.06 £0.02* 2.88+ 0.28* 4.16 £0.15%*
B 1.81 £0.34 1.31 £0.09 2.18 £0.11 2.05 +£0.26 1.89 +£0.08

45 A 1.73 £0.07 1.56 £0.05* 4.71£0.21* 5.11 £0.52* 5.68 £0.15*
B 1.50 £0.23 1.06 £0.02 2.19+0.32 2.18 £0.19 2.02 £0.18

50 A 1.34 £0.04 1.22 £0.07 5.25 +0.30* 4.89 +0.24* 5.00+ 0.15%
B 1.46 £0.18 1.11 £0.03 1.80+ 0.04 1.92+0.12 1.89 £0.08

55 A 1.20 +0.02 0.97 +£0.14 3.07 £0.05* 3.77 £0.30* 3.60 £0.24*
B 1.06 £0.05 0.85 +£0.04 1.59 £0.04 1.38 £0.03 1.34+0.03

CA. (n=10); B. (n=8). * (P<0.01).

Note: A means wild grey mullet(n=10). B means cultivated grey mullet(n=10). *means extremely significant difference in enzyme activity of
different digestive part between wild and cultivated M.cephalus under the same experiment condition(P<0.01).
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Tab. 3 Effects of temperature on amylase activity of wild and cultivated grey mullet Mugil cephalus
X +£SD; mg-(g-min)’!

o tissue
temperature . . .
hepatopancreas stomach foregut midgut hindgut pyloric caecum
5 A 17.12+2.34%* 22.49 £0.41* 4599 £2.59* 45,99 £0.60*  39.78 +14.0* 35.32+0.20*
B 2.38 +£0.17 20.19 +£1.05 23.97 +1.08 24.90 +1.14 23.20 +0.00 31.97+0.09
10 A 40.29 +0.68* 28.56 +1.58* 34.83+£0.26%  46.00 £0.63* 50.35+ 0.00* 34.52+1.77*
B 6.70 £0.92 21.56 +0.68 27.20 £0.24 25.95 +£0.60 23.95 +0.41 39.55+6.53
15 A 41.52 £0.20* 30.73 £0.09*  41.96+ 1.44*  48.08 +0.50* 52.11 £0.00%* 39.30+0.46
B 6.91 +0.60 22.92 +0.05 28.92 +0.06 28.67 £0.17 25.29+0.31 42.27+0.43
20 A 40.07 £0.23* 30.75 £0.09* 42,70 £1.47*  51.86 £0.26* 56.21 +£0.16* 45.80+0.77
B 10.23 £1.02 24.55 +0.05 29.31 +£0.36 28.56 £0.09 26.90 +0.16 42.43£0.15
25 A 47.14 £0.45* 31.92 £2.30*  45.64 +0.10* 52.57+0.68* 56.27 £0.16* 47.37+0.42
B 15.80 £0.54 26.93 £0.00 29.48 +0.70 29.32+0.71 27.13 £0.09 43.39+1.16
30 A 47.95 £0.96* 37.30 £3.80*  50.94 £1.64*  51.72 £0.51* 57.61£0.75* 52.40+0.17*
B 15.96 £0.14 25.33 £0.25 29.56 +1.25 28.51 +£0.18 28.25 +0.39 44.71£0.60
35 A 49.61 +0.28* 36.16 £0.76*  51.39 +£0.25* 53.20+ 0.64*  58.92 £0.15* 53.1140.64*
B 16.95 £0.14 28.89 +0.00 31.86 +2.64 29.59 +0.35 29.02+ 0.09 46.94+0.09
40 A 50.87 +£0.46* 41.28 £0.13*  51.95 +1.17*  55.82 +£0.39*  60.77 +£0.36* 57.67+0.78*
B 18.94 £0.78 33.29 +0.17 34.54 +£0.31 31.12+ 0.08 30.70 £1.36 47.10+0.14
45 A 47.58 £2.70* 44.16 £0.13*  54.26 £0.57*  56.35+0.26*  60.16 +£0.42* 59.01+0.34*
B 15.84 £0.89 29.59 +0.37 33.49+ 0.54 34.40 £1.30 29.97 £0.17 44.20+0.34
50 A 45.70 £0.91* 41.36 £0.33*  51.69 +0.14* 55.84+0.33*%  57.92+0.16* 57.37+1.02%
B 15.38 £1.88 27.35 £1.16 31.64 £0.66 30.24 £0.47 29.51 £0.40 43.79+0.64
55 A 44.49 +£0.00* 37.65 £0.55%  45.46 £0.39*  54.61 £0.66* 57.55+0.52* 49.38+0.37*
B 16.05 £1.08 25.38 +1.33 27.41 £0.67 31.07+ 0.78 25.16 +0.14 39.02+0.00
LA (n=10); B. (n=8). * (P<0.01).

Note: A means wild grey mullet(n=10). B means cultivated grey mullet(n=10). *means extremely significant difference in enzyme activity of
different digestive part between wild and cultivated M.cephalus under the same experiment condition(P<0.01).
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Tab. 4 Effectsof pH on protease activity of wild and cultived grey mullet Mugil cephalus

X +SD; U-g™
oH tissue
hepatopancreas stomach foregut midgut hindgut
292 A 1.42+0.01* 0.96+0.01* 3.47+0.09* 3.55+0.04* 2.77+£0.07*
B 1.19+0.03 1.154+0.02 1.43+£0.04 1.29+0.0.01 1.19+0.07
32 A 1.50+0.04* 0.97+0.00* 3.51+0.09* 3.57+0.03* 2.71+0.28*
B 1.22+0.04 1.18+0.02 1.48+0.01 1.36+0.02 1.24+0.02
4o A 1.48+0.02 0.93+0.02* 3.81+0.10%* 3.63+0.08* 2.94+0.00*
B 1.48+0.00 1.134+0.02 1.51+£0.03 1.35+0.06 1.33+£0.01
5o A 1.47+£0.01%* 0.97+0.04* 3.91+0.05* 3.66+0.03* 3.05+0.00*
B 1.60+0.01 1.06+0.08 1.56+0.02 1.33+0.03 1.27+0.02
. A 1.81+£0.06* 0.84+0.01* 3.98+0.07* 3.73+0.00* 3.05+0.02*
B 1.68+0.03 1.03+0.03 1.63+0.01 1.53+0.07 1.27+0.00
72 A 2.05+0.03* 0.88+0.02* 4.08+0.05* 4.23+0.02* 4.85+0.34%
B 1.77+0.04 1.05+0.02 2.36+0.32 1.61+0.26 1.54+0.03
A 1.91+0.05* 0.88+0.02* 3.85+0.10% 3.85+0.05* 3.10+0.04*
8.0 B 1.60+0.01 1.02+0.03 1.89+0.01 1.65+0.05 1.45+0.03
A 1.42+0.02 0.90+0.04* 3.92+0.08* 3.98+0.01* 3.18+0.02*
90 B 1.414+0.01 0.98+0.03 1.94+0.15 1.724+0.24 1.28+0.01
10.0 A 1.45+0.04* 0.94+0.01 3.66+0.09* 3.73+0.02* 2.99+0.15*
B 1.13+£0.01 0.994+0.00 1.63+0.05 1.48+0.02 0.88+0.09
TA. (n=10); B. (n=8). * (P<0.01).

Note: A means wild grey mullet(n=10). B means cultivated grey mullet(n=10). *means extremely significant difference in enzyme activity of
different digestive part between wild and cultivated M.cephalus under the same experiment condition(P<0.01).
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Tab.5 Effectsof pH on amylase activity of wild and cultivated grey mullet Mugil cephalus

X +£SD; mg-(g-min)’!

tissue
pH hepatopancreas stomach foregut midgut hindgut
22 A 5.08+0.42%* 32.75+0.29 2.06+0.21 9.60+0.31 11.71+£2.86*
B 18.27+0.19 33.224+0.96 2.63+0.20 48.2242 .34%* 3.24+0.61
A 5.90+0.33* 31.69+3.80 0.93+0.45 7.27+0.19 4.14+0.77
32 B 21.95+2.76 32.16+2.69 3.70+£0.21%* 39.24+43.59* 3.28+0.22
A 22.22+0.55%* 27.1140.73* 1.07+0.31 12.50+0.39 16.14+1.25%
42 B 45.37+1.04 20.88+4.25 6.71+0.18* 12.99+2.30 5.80+2.78
- A 6.12+0.14* 25.49+0.36* 42.08+0.36* 12.17+0.42%* 42.31+0.67*
B 54.86+2.28 1.46+0.01 11.34+0.87 2.28+0.05 2.93+0.50
62 A 14.15+0.57* 16.59+0.26* 54.02+0.82* 42.3240.19* 45.71£0.40%*
B 62.67+0.16 6.99+1.75 11.63+£0.20 3.61+0.07 8.87+2.10
A 11.26+0.34* 45.79+0.32* 55.79+0.14* 49.07+0.58* 48.25+0.42*
72 B 63.47+0.51 21.74+2.19 16.65+2.04 21.09+2.71 17.49+2.90
A 12.2140.40%* 43.77+0.62* 47.21+£0.87* 47.27+0.16* 47.15+£0.94*
8.0 B 14.06+0.40 28.17+0.19 20.16+0.85 15.12+1.65 15.25+0.17
9.0 A 5.72+0.88%* 29.314+0.54%* 53.38+1.19% 44.41+0.29* 44.23+2.02*
B 8.55+1.06 15.14+4.21 18.62+0.36 18.64+2.03 10.35+£2.16
10.0 A 1.21+0.38* 19.48+1.26* 34.71+1.34% 39.76+0.57* 42.00+0.03*
B 3.86+0.50 3.47+1.34 16.62+0.12 15.58+0.38 7.09+0.18
TA. (n=10); B. (n=8). (P<0.01).

Note: A means wild grey mullet(n=10). B means cultivated grey mullet(n=10). *means extremely significant difference in enzyme activity of
different digestive part between wild and cultivated M.cephalus under the same experiment condition(P<0.01).
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Digestive enzymes activity of wild and cultivated grey mullet Mugil
cephalus

YU Nal’z, LI Jiaerl, Oou Youjunl, FAN Chunyanl’2

1. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China;
2. Shanghai Ocean University, Shanghai 200090, China

Abstract: Digestive tract indices and digestive enzyme distribution in digestive organs of wild and cultivated grey
mullet Mugil cephalus were studied, and effects of different temperature and pH on digestive enzyme activities
were investigated in both populations. The results showed that in wild and cultivated grey mullets, the ratio of
intestine gut length to body length were 2.886+0.301 and 3.315+0.141 while the ratios of viscera, liver and stom-
ach weight to body weight were 0.043+£0.001 and 0.048+0.004, 0.009+0.001 and 0.007+0.000, 0.008+0.002 and
0.007+0.000, respectively. The activities of protease in different organs were sequenced as follow: hind-
gut>foregut>midgut>stomach>hepatopancreas in wild grey mullets and foregut>midgut>hindgut> hepato- pan-
creas>stomach in cultured ones, while the activities of amylase were in the order of hindgut> pyloric
caecum>midgut>foregut>hepatopancreas>stomach in wild grey mullets and pyloric caecum> foregut>midgut>
hindgut>stomach> hepatopancreas in cultured ones. The differences of amylase activity in every part between the
populations were extremely significant(P<0.01). No significant differences of protease activity in hepatopancreas
and stomach exited between the two populations (P>0.05), but in midgut the difference was significant (P<0.05),
and in foregut and hindgut, the difference were extremely significant(P<0.01). For the amylase in wild grey mullet,
the optimum temperatures were 40 ,45 ,45 ,45 40 ,45 in hepatopancreas, stomach, foregut, midgut,

hindgut and pyloric caecum, respectively and the optimum pH in hepatopancreas was 6.2 and in other tissues was
7.2. For amylase in cultured grey mullet, the optimum temperatures were 40 ,40 ,40 ,45 ,40 ,40 in
hepatopancreas, stomach, foregut, midgut, hindgut and pyloric caecum, respectively and the optimum pH in
stomatch and foregut were 2.2 and 8.0, and in other tissues was 7.2. For protease in wild grey mullet, the optimum
temperature in hepatopancreas, stomach, foregut and hindgut was 45 , while in midgut was 50  and the opti-
mum pH of protease in stomach was 3.2, and in other tissues was 7.2. For protease in cultured grey mullets, the
optimum temperature in hepatopancreas, stomach and midgut was 40 ,while in foregut and hindgut was 45

and the optimum pH of protease in stomach was 3.2, and in other tissues was 7.2. This study shows that in aqua-

culture we should consider not only the assimilation of protein, but also that of saccharide. Adjustment of the
amount and proportion of amylase and protein according to environmental conditions could promote production

and save cost [Journal of Fishery Sciences of China, 2011, 18(1): 127-135]

Key words. Mugil cephalus; digestive tract index; digestive enzyme distribution; enzyme activity; temperature;
pH
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